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Description 

TECHNICAL FIELD 

[0001] This invention relates to improvement of injec- 
tion molding methods and apparatuses which inject mol- 
ten synthetic resin such as plastic into a closed mold 
and later open the mold and extract the cooled/solidified 
molded product to obtain the desired molded product. 

BACKGROUND ART 

[0002] Over the years, various injection molding 
methods and apparatuses have been provided as meth- 
ods and apparatuses for obtaining molded products with 
comparatively high precision from synthetic resins such 
as plastic. 

[0003] In particular, among the above-mentioned in- 
jection molding methods and apparatuses, in recent 
years injection molding method and device have been 
proposed for reducing the molding cycle time for molded 
products. 

[0004] This conventional injection molding method or 
apparatus comprises a nozzle for temporarily holding 
pre-pressurized molten resin and a valve pin positioned 
inside the nozzle such that it can be freely inserted or 
withdrawn. A gate is opened by means of this valve pin 
to fill the cavity inside the mold with the pre-pressurized 
molten resin and, after completion of filling the cavity 
with molten resin, the gate is again closed by means of 
the valve pin. 

[0005] To obtain relatively large molded products, 
conventionally, a plurality of valves having the above- 
mentioned valve pins are arranged to face the cavity in 
the mold, and molten resin is injected simultaneously 
from each gate of the plurality of nozzles into the cavity 
to fill it. 

[0006] According to this kind of injection molding 
method and device, during the time the mold is opened 
to take out the molded product, the molten resin in the 
nozzle is pre-compressed. Therefore, the wasted time 
required for compressing the molten resin until injection 
is reduced and, as a result, there is the effect that the 
molding cycle time is shortened. 
[0007] Figure 8 is a cross-section diagram outlining 
the main parts of the above-mentioned injection molding 
apparatus 1 , and particularly showing injection molding 
apparatus 1 for molding disk-shaped parts having a 
bearing hole in their centers (for example, molded prod- 
ucts such as gears.) 

[0008] The injection molding apparatus 1 comprises 
upper mold 2 in which is provided valve main units (not 
shown in the figure) that pre-compress the molten resin 
and lower mold 4 in which disk-shaped cavity 3 is 
formed. Of these upper and lower molds, a plurality of 
nozzles 5 are provided in specified locations within up- 
per mold 2. 

[0009] In addition, the configuration is such that a plu- 



rality of gates 6, each consisting of a circular hole, is 
penetratingly formed at the bottom end of each of noz- 
zles 5 and in the upper surface 3a of cavity 3, corre- 
sponding to the plurality of nozzles 5, and disk-shaped 
5 cavity 3 is filled with molten resin from the plurality of 
gates 6 simultaneously. 

[0010] Also, inside of each of these nozzles 5, valve 
pin 7 is arranged facing gate 6 such that it can be insert- 
ed and withdrawn in the vertical direction, and so that 
10 the downward movement of the valve pin 7 closes gate 
6 and thus stops the injection of molten resin into cavity 
3 (so called "gate cut"). 

[001 1] In the center of cavity 3 of lower mold 4, cylin- 
der-shaped core 8 is positioned to form the central hole 

15 of the disk-shaped molded product that is formed by the 
molten resin which fills the mold. Ejector pins 9 are pro- 
vided around the core 8 so as to be freely movable up- 
ward/downward relative to core 8, for removing the 
cooled/solidified molded product from cavity 3. 

20 [0012] Next will be explained the operation of the 
above conventional injection molding apparatus 1 . 
[001 3] Due to the upwardly retracted position of valve 
pin 7 as shown in Figure 8, gate 6 is in the open state. 
Thus, the molten resin which was compressed inside 

25 the main body of the valve (not shown in the figure) is 
injected into cavity 3 via each of the gates 6 of the plu- 
rality of nozzles 5 as shown by the. arrows. 
[0014] At this time, as in Figure 9 which shows a sche- 
matic cross sectional view taken at A-A of Figure 8, mol- 

30 ten resin is injected concentrically into cavity 3 from 
each of the plurality of gates 6 positioned at different 
locations, as shown by the arrows. These injected mol- 
ten resins collide and mix so that the cavity 3 becomes 
filled. 

35 [0015] When, the molten resin is injected into cavity 
3 via the plurality of gates 6 in this way and filling is com- 
pleted, valves 7 move downward as shown by the ar- 
rows in Figure 10 and each gate 6 closes. As a result, 
injection of molten resin into cavity 3 is stopped (so- 

40 called "gate cut"). 

[0016] Afterward, using cooling means not shown in 
the figure, the molten resin with which cavity 3 has been 
filled is cooled and solidified. 

[0017] After the molten resin filling cavity 3 is solidified 
45 in this way, the mold is opened by separating the upper 
mold 2 and lower mold 4, and disk-shaped molded prod- 
uct 10 of solidified molten resin remains in cavity 3 of 
lower mold 4. 

[0018] Afterward, when each of the plurality of ejector 
50 pins 9 is moved upward parallel to core 8 as shown in 
Figure 11 , disk-shaped molded product 10 is extracted 
from cavity 3 of lower mold 4, while its lower face is sup- 
ported by ejector pins 9. 

[001 9] With this kind of conventional injection molding 
55 apparatus 1 , as revealed in Figure 12 which shows an 
elevation view of molded product 10 and Figure 13 
which shows a plan view of molded product 10, molded 
product 10 (for example, a flat gear) is integrally formed 
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into a disk shape with bearing hole 1 0A in its center. 
[0020] However, with the above-mentioned conven- 
tional injection molding method and device 1 , as shown 
in Figure 9, molten resin is injected in cavity 3 in a con- 
centric manner as shown by the respective arrows from 
each of the plurality of gates 6 positioned in different lo- 
cations. The cavity 3 is filled as the molted resin collides 
and mixes within each injection from respective gates 
6, but the molten resin injected from different gates 6 
does not mix each other under uniform melt conditions 
in cavity 3. As a result, there is a danger that molten 
resin boundary regions will be generated in cavity 3 by 
the molten resin injected from each of the plurality of 
gates 6 positioned in different locations. 
[0021] If such molten resin boundary regions are gen- 
erated in cavity 3 by the molten resin injected from the 
plurality of gates 6 positioned in different locations, then, 
as shown in the elevation view of Figure 1 2 and the plan 
view of Figure 13, shrinkage action begins at each 
boundary region in the molded product the is extracted 
after being cooled and solidified. Due to the shrinkage 
action, deformed areas 10b and 10c, or so-called 
"sinks", occur on the surface, etc. of molded product 1 0. 
This can be a major cause of dimension errors in molded 
product 10. 

[0022] Since molded products in which sinks occurred 
must be re-processed for dimensional correction, there 
is the defectthat manufacturing cost of molded products 
becomes extremely high. 

[0023] With the foregoing in view, an object of the 
present invention is to provide an injection molding 
method and device which reduce the dimension errors 
of molded products as much as possible. 

DISCLOSURE OF THE INVENTION 

[0024] To solve the above-mentioned defect, the 
present invention is an injection molding method where- 
in molded products of synthetic resin are obtained by 
injecting pre-pressurized molten resin such as plastic 
from molten resin storing nozzles into a mold cavity via 
a gate and cooling and solidifying the molten resin in- 
jected into the cavity, characterized in that the gate is 
formed in an annular shape and molten resin is injected 
into the cavity via the annular gate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] 

Figure 1 is a schematic cross section view of injec- 
tion molding apparatus which embodies the injec- 
tion molding method of the present invention; 
Figure 2 is a plan view of the runner which guides 
the molten resin; 

Figure 3 shows the injection state of the molten res- 
in inside the cavity; 

Figure 4 is a schematic cross section view showing 



operation of the injection molding apparatus of the 
present invention; 

Figure 5 is a schematic cross section view showing 
operation of the injection molding apparatus of the 
5 present invention; 

Figure 6 is an elevation view of a molded product 
obtained from the injection molding apparatus of the 
present invention; 

Figure 7 is a plan view of a molded product obtained 
10 from the injection molding apparatus of the present 
invention; 

Figure 8 is a schematic cross section view of a con- 
ventional injection molding apparatus; 
Figure 9 shows the injection state of the molten res- 
15 in inside the cavity of the conventional injection 
molding apparatus; 

Figure 1 0 is a schematic cross section view show- 
ing operation of the conventional injection molding 
apparatus; 

20 Figure 1 1 is a schematic cross section view showing 
operation of the conventional injection molding ap- 
paratus; 

Figure 12 is an elevation view of a molded product 
obtained from the conventional injection molding 
25 apparatus; and 

Figure 13 is an elevation view of a molded product 
obtained from the conventional injection molding 
apparatus. 

30 BEST MODE FOR CARRYING OUT THE INVENTION 

[0026] One embodiment of the injection molding 
method and device according to the present invention 
is described in detail below. 
35 [0027] Figure 1 is a schematic cross section view of 
injection molding apparatus 20 for implementing the in- 
jection molding method of the present invention. The 
components that are the same as in Figure 8 are iden- 
tified with the same reference numbers. 
40 [0028] This injection molding apparatus 20 (below : 
simply "apparatus") also comprises upper mold 21 and 
lower mold 22. However, in upper mold 21 , only one noz- 
zle 23 is provided for injecting molten resin. 
[0029] The nozzle 23 is formed in an annular shape 
45 (in the embodiment, a cylinder shape) which surrounds 
core 23 concentrically. 

[0030] In the bottom end of this one nozzle 23 which 
is formed in an annular shape, an annular gate 24 (in 
the embodiment, circular) is formed which surrounds 
50 core 8 concentrically, in the same way as nozzle 23. The 
diameter of the gate 24 is formed slightly smaller than 
the diameter of nozzle 23. The gate width S of the an- 
nular gate 24 is extremely narrow. In the embodiment, 
it is set to the order of 0.14-0.16 millimeters. 
55 [0031] On the other hand, a manifold 25 is provided 
in upper mold 21 to supply thermally molten resin there- 
to, and communication between its lower end and an- 
nular nozzle 23 is accomplished via a runner 26 which 
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guides the molten resin. 

[0032] As in Figure 2, which shows a B-B cross sec- 
tion of Figure 1 , runner 26 comprises three circular arc 
channels (first arc channel 26a, second arc channel 
26b, and third arc channel 26c) which partially surround 
the outer perimeter of annular nozzle 23. 
[0033] The channel lengths of first and third arc chan- 
nels 26b and 26c are set to be the same. 
[0034] On the outer perimeter surface of annular noz- 
zle 23, resin injection ports 23a, 23b, 23c and 23d are 
formed at a'spacing of every 90° along the circumferen- 
tial direction thereof,. 

[0035] Of these, each of the adjacent resin introduc- 
tion ports 23a and 23b communicates with the corre- 
sponding end of second arc channel 26b, while each of 
the adjacent resin introduction ports 23c and 23d com- 
municates with the corresponding end of third arc chan- 
nel 26c. 

[0036] In addition, the central part of each of above- 
mentioned second and third arc channels 26b and 26c 
communicates with the corresponding end of first arc 
channel 26a that has the longest channel length in run- 
ner 26. 

[0037] Using runner 26 formed in this way, the length 
of each channel which delivers molten resin from man- 
ifold 25 to each of thefour resin injection holes 23a, 23b, 
23c and 23d is the same. As a result, various parame- 
ters (such as temperature, volume, viscosity) of the mol- 
ten resin which flows from manifold 25 to the interior of 
the each of the resin injection holes 23a, 23b, 23c, 23d 
will be the same. Thus, the molten resin from each of 
the resin injection holes 23a, 23b, 23c, 23d will flow uni- 
formly into annular nozzle 23 under the same condi- 
tions,. 

[0038] Next will be explained the operation of above- 
mentioned injection molding apparatus 20 according to 
the present invention and at the same time the configu- 
ration will be explained in more detail. 
[0039] As shown in Figure 1 , if molten resin com- 
pressed in the valve main body (not shown in the fig- 
ures) is sent under pressure within manifold 25, that 
molten resin will travel, as shown by the arrows in Figure 

2, via runner 1 6, comprising three arc channels (first arc 
channel 26a, second arc channel 26b, and third arc 
channel 26c), and be injected under the same condi- 
tions into each of the resin injection holes 23a, 23b, 23c, 
23d of annular nozzle 23. 

[0040] On the other hand, when the molten resin from 
each of the resin injection holes 23a, 23b, 23c, 23d, un- 
der the same conditions, is injected into annular nozzle 
23 andfills it, that molten resin is injected simultaneously 
into cavity 3 through annular (circular) gate 24 shown in 
Figure 1 . 

[0041] Atthattime, as in Figure 3 which shows a sche- 
matic cross section view at C-C of Figure 1 , inside cavity 

3, the molten resin from the single gate 24 which is 
formed in an annular shape is concentrically injected (as 
shown by the arrows) simultaneously toward the outer 



perimeterface3aandthe inner perimeterface 3b of cav- 
ity 3, while maintaining uniform and identical molten 
conditions, and fills the cavity. 

[0042] Consequently, the molten resin injected from 
5 the single gate 24, that is formed in an annular shape 
as shown in Fig. 3, concentrically and towards the outer 
perimeterface 3a and the inner perimeterface 3b of cav- 
ity 3 as shown by the arrows is mixed in the uniform and 
identical molten state, and therefore the risk of genera- 
te tion of boundary regions inside cavity 3 is reduced re- 
markably. 

[0043] After molten resin from the single gate 24 
which is formed in an annular shape is injected into cav- 
ity 3 and filling is completed as shown in Figure 4, the 
15 pre-pressurization of the molten resin in nozzle 23 by 
means of valve main body (not shown in the figure) is 
released. 

[0044] On the other hand ; because the gate width S 
of the annular gate 24, as mentioned above, is set to be 

20 extremely narrow (in this embodiment, on the order of 
0.14 - 0.16 millimeters), none of the no longer pre-pres- 
surized molten resin will leak anew from there (from an- 
nular gate 24) into cavity 3. Consequently, in the em- 
bodiment, simply by releasing the pre-pressurization of 

25 the molten resin, injection of molten resin into cavity 3 
can be stopped (so-called "gate cut"). 
[0045] Afterward, using cooling means not shown in 
the figure, the molten resin which filled cavity 3 is cooled 
and solidified. 

30 [0046] In this way, the molten resin which filled cavity 
3 is solidified and the result is that disk-shaped molded 
product 30 of solidified molten resin remains in cavity 3. 
[0047] Afterward when the mold is opened by sepa- 
rating upper mold 21 from lower mold 22, and the plu- 

35 rality of ejector pins 9 is raised parallel to core 8 as 
shown in Figure 5, disk-shaped molded product 30 can 
be extracted from cavity 3 of lower mold 4, while its lower 
face is supported by ejector pins 9. 
[0048] With molded products 30 obtained from this in- 

40 jection molding apparatus 20, as shown in the elevation 
view of Figure 6 and the plan view of Figure 7, a disk- 
shaped molded product 30 (for example a flat gear, etc.) 
with bearing hole 30a formed in its center is integrally 
molded. 

45 [0049] On the other hand, the molded product 30, 
which is removed from the cavity 3 following cooling and 
solidification, is obtained by mixing the molten resin in- 
jected into cavity 3 from annular gate 24 shown in Figure 
3 under uniform environmental conditions without pro- 

50 ducing any boundary regions. As a result, non-uniform 
molding shrinkage action, which starts at each boundary 
region during cooling/solidification, is prevented as 
much as possible, and thus deformations such as so- 
called "sinks", which occur on the surface, etc. of mold- 

55 ed product 30, are prevented. Consequently, injection 
molded products 30 with extremely high dimensional 
precision can be obtained. 

[0050] In the above-mentioned embodiment annular 
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nozzle23 isformed in a cylinder shape and annular gate 
24 is circularly shaped. However, the present invention 
is not limited to the above embodiment. The shapes of 
nozzle 23 and gate 24 simply need to be annular in 
shape. Thus, the shape of these components can cor- 
respond to the shape of the molded product and there- 
fore it may be square, triangular or etc. There is no lim- 
itation on the shape of these components. 
[0051] In the above embodiment as an example of a 
molded product formed by means of the injection meth- 
od and apparatus of the present invention, disk-shaped 
molded product 30 with a bearing hole formed in its cent- 
er was used. However, of course, the molded products 
molded according to the injection method and apparatus 
of the present invention need not be limited to disk- 
shaped molded product 30, but a square or triangle, etc. 
in the planar view would also be acceptable. There is 
no limitation on the shape of the molded products. 
[0052] Consequently, the present invention can be 
applied to all molded products molded from synthetic 
resin, such as compact disks (CD's), various kinds of 
gears, floppy disk cases, cassette reels for audio cas- 
settes, etc. 

[0053] As explained above, through the injection 
molding method and device of this invention, molten res- 
in is injected into a cavity from an annular gate, and thus 
the molten resin is mixed inside the cavity under uniform 
melt conditions. Because no molten resin boundary re- 
gions are generated in the cavity, during cooling and so- 
lidifying of the molten resin, non-uniform molding shrink- 
age action, which starts at each boundary region during 
cooling and solidifying, is prevented as much as possi- 
ble. As a result, deformations such as so-called "sinks", 
which occur on the surface, etc. of molded products, are 
prevented and injection molded products with extremely 
high dimensional precision can be provided. 

INDUSTRIAL APPLICABILITY 

[0054] As explained above, the injection molding 
method and device of the present invention are suitable 
for reducing as much as possible dimension errors in 
molded products. 



Claims 

1 . A method for injection molding in which molten resin 
is injected from a nozzle which stores pre-pressu- 
rized molten resin such as plastic into a cavity of a 
mold via a gate and the molten resin injected into 
the cavity is cooled and solidified whereby a molded 
product of synthetic resin is obtained, wherein 

the gate is formed in an annular shape, and 
the molten resin is injected from the annular gate 
into the cavity. 

2. A method for injection molding in which molten resin 



is injected from a nozzle which stores pre-pressu- 
rized molten resin such as plastic into a cavity of a 
mold via a gate and the molten resin injected into 
the cavity is cooled and solidified whereby a molded 
5 product of synthetic resin is obtained, wherein 

the nozzle is formed in an annular shape, the 
gate is formed in an annular shape and provided at 
the bottom end of the nozzle, and the molten resin 
is injected from the annular gate into the cavity. 

10 

3. An apparatus for injection molding in which molten 
resin is injected from a nozzle which stores pre- 
pressurized molten resin such as plastic into a cav- 
ity of a mold via a gate and the molten resin injected 
15 into the cavity is cooled and solidified whereby a 
molded product of synthetic resin is obtained, 
wherein 

the gate is formed in an annular shape. 



20 4. An apparatus for injection molding in which molten 
resin is injected from a nozzle which stores pre- 
pressurized molten resin such as plastic into a cav- 
ity of a mold via a gate and the molten resin injected 
into the cavity is cooled and solidified whereby a 

25 molded product of synthetic resin is obtained, 
wherein 

the nozzle is formed in an annular shape, and 
the gate is formed in an annularshape and provided 
at the bottom end of the nozzle. 
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